Astrophysical objects with unusually high mass to luminosity ratios attract attention. The fifth brightest star in the constellation Auriga, Aurigae, is such a case. The companion in this single-line spectroscopic binary has evaded direct detection for over 175 years 1, 2 . For the first time, closure-phase interferometric imaging has 1
directly detected the eclipsing body, allowing us to measure the properties of the companion. We used the MIRC four-telescope beam combiner at the CHARA Array to obtain images of epsilon Aurigae during ingress into eclipse during autumn 2009. These images show the intrusion of a dark, elongated structure that resembles the large disk as first discussed by Ludendorff 3 and Markov Chain Imager (MACIM) 14 software packages. While the theory behind image reconstruction is common to these packages, based on the minimization of the χ 2 plus a regularization function, they use significantly different approaches to achieve it: a local gradient-based approach and global stochastic minimization by simulated annealing, respectively. Despite the differences in implementation 12, 17 , the images produced by these packages are in remarkable agreement. This is proof of the soundness and reliability of the reconstructed images and because of this fact, we present only the MACIM 3 images in this Letter. Figure 2 shows the 2009Nov and 2009Dec observations in which we see a single object with a circular outline that is notably darker in the SouthEast quadrant. In the December image, the overall size of the dark region has grown, but the size of the circular object has remained nearly the same.
The Northern hemisphere of the circular object shows variations at the 15% level that we believe approximate our photometric errors. The obscuration in these images was not seen or implied by our previous data sets and we interpret this object to be the theorized disk in the system. The compactness of the disk across the two epochs provides the first direct evidence that the disk is geometrically thin, but optically thick.
We attempted to model the obscuration using parabolas, ellipses, and rectangles with and without smoothed edges using the reconstructed images as a guide. A satisfactory fit to the visibilities and closure phases was obtained by using a smoothed-edge obscuring ellipse whose semi-major axis was fixed to 6.10 mas (based on eclipse timing and well-known orbital For interstellar dust to gas ratios, the total disk mass could rise to 15 Earth masses, 4.45 ± 3.15 × 10 −5 M , which is far below masses for either stellar component, making the disk mass dynamically negligible.
Direct imaging of the Aurigae system has provided validity to the disk model for the previously unseen companion, first discussed by Kopal 4 and modeled by by Huang 5 and refined with polarimetry by Kemp et. al. 6 .
With these images and simple model, we can specify the dimensions and masses of the components in the system. In addition, the optically thick but geometrically thin disk is unlike young stellar object disks, but more nearly resembles debris disks. Further imaging will reveal details of the disk structure, density gradients, and scale heights, demonstrating the power of 6 closure-phase imaging when extensive UV coverage is possible.
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